Essential oils (EO, 15 collective samples and 47 individual samples) of Thymbra capitata collected from Moroccan Western Rif were analyzed using gas chromatography (GC) in combination with retention indices (RI), gas chromatography-mass spectrometry (GC-SM) and 13 C NMR spectroscopy. Twenty components were identified. Carvacrol (68.2%-85.9 %) was by far the major component of all the samples, while the content of thymol (0.1-0.3%) was very low. Other components present in appreciable amounts were γ-terpinene (up to 8.9%), p-cymene (up to 7.1%), linalool (up to 4.4%) and (E)-β-caryophyllene (up to 4.1%). In contrast, the yield of EO varied drastically from sample to sample (0.5-3.7%). No correlation could be established between yield of EO and altitude, pH, chemical composition and granularity of the soil. Cultivation under controlled conditions is suggested to improve the quantitative characteristics of carvacrol-rich Moroccan T. capitata.
Thyme has a broad spectrum of bioactivities. It is used to fight pathologies of the respiratory system owing to its expectorant, spasmolytic and antiseptic properties. It serves as a preservative for food due to the antimicrobial properties of its volatile components [1] . The antioxidant activities can be ascribed to the considerable presence of polyphenols in thyme extracts and/or infusions [2] . Thyme essential oils (EOs) are well known for their excellent biological activities investigated particularly against food borne pathogens. Thyme EO is also used as a raw material in perfumery and cosmetics [1, 3, 4] .
Thymbra capitata (L.) Cav. [syn. Thymus capitatus (L.) Hoff. & Link, Coridothymus capitatus (L.) Reichenb. F.; Satureja capitata L., T. creticus Brot.] [3] is an aromatic shrub, typical of garrigues, dry slopes and Mediterranean pine forests. In Morocco, T. capitata grows in the North area. It is known under the vernacular name of "Z'aater" because its smell is similar to that of Oregano. Its EO is widely used for medicinal purpose, with an ancient tradition dating back to the old Moroccan dynasties. Moroccan T. capitata EO has been reported to have antimicrobial, antifungal and antioxidant properties, indicating its potential use in the food, cosmetics and pharmaceutical industries. [5] [6] [7] [8] .
The composition of the EOs isolated from aerial parts of T. capitata harvested all around the Mediterranean basin has been extensively investigated. The EOs revealed various compositions. However, in most studies, only a few samples (1-3 samples) have been investigated and the reported composition could not be considered as representative of the T. capitata growing wild in the given country. Other papers dealt with the variation in the oil composition throughout the year. Therefore, the summary given below will concern only the results that included a sufficient number of samples in order to define, locality by locality, a chemical variability or conversely, homogeneity of the composition.
Various papers reported on carvacrol-rich T. capitata EOs. Indeed, carvacrol is by far the major component (60-90%) of the EOs isolated from plants growing wild in various countries: Yugoslavia [9] , Portugal (Algarve) [10] , Greece (Ikaria) [11] , Sardinia [12] , Sicily [13] and Tunisia [14] . In Portugal, the EO composition was dominated by carvacrol (51-77%), which was observed in plants collected from localities with distinct ecological and edaphical features. [15] . Slight variations in the content of carvacrol were observed depending on the climate (Tunisian semi-arid, upper arid, sub-humid) [16] . In contrast, three compositions, two of them dominated by carvacrol and thymol, respectively, the third containing more or less comparable amounts of both phenols, have been reported for oils isolated from plants growing in the Sinai [17] , Crete [18] , Apulia (Italy) [19] , and Southern Puglia (Italy) [20] . Among the wild populations growing in Israel and the West Bank of the Jordan River the thymol-containing variety is abundant, while the carvacrol-containing variety is very rare [21] .
However, few studies have been dedicated to T. capitata in Morocco. Oil isolated from plants harvested in the North contained mostly carvacrol (78% and 70.9%) [5] [6] [7] . In contrast, three samples from Central Rif exhibited a low content of carvacrol {Mean (M) 13.4%}, beside p-cymene (M 18.9%) and geranyl acetate (M 12.2%)} [8] .
In Morocco, raw material of T. capitata comes from natural populations which are severely affected by entropic pressures. Among approaches to be taken to preserve populations, cultivation after selection of strain should be considered.
Therefore, considering that the number of samples reported in the literature is not sufficient to be representative of Moroccan T. capitata, the aim of the present study was to investigate various populations from the native flora of Morocco according to their EO yield and chemical composition. In order to observe a chemical variability or homogeneity, two types of samples have Table 1 , as well as the parameters for granular and chemical analysis of a sample of soil from each site.
All the oil samples were analyzed by GC (FID) in combination with retention indices (RIs) on two capillary columns of different polarity and all exhibited very similar chromatographic profile. Therefore, the detailed analysis of one oil sample (ADZ, collective sample) has been carried out by GC (RI), GC-MS and 13 C NMR spectroscopy ( Table 2 ). In total, 20 compounds that accounted for 98.8% of the whole composition have been identified. Carvacrol (78.3%) was by far the major component beside p-cymene (4.7%), γ-terpinene (3.7%), linalool (3.1%) and (E)-β-caryophyllene (2.2%) while thymol accounted for only 0.2%.
Due to the high reproducibility of the RIs, it appeared to be sufficient to identify the components in all the other oil samples from their RI values on both capillary columns. The mean composition of the 15 "collective samples" and of the 47 "individual samples" is reported in the Table 3 , complemented with standard deviation for every component, together with minimum and maximum contents.
Carvacrol was the major component of all the samples: 68.2%-85.9 % for individual samples; 70.2%-82.0 % for collective samples. The mean percentage was 76.3%, either for collective samples or for individual samples. In all the samples, the content of thymol was very low; no more than 0.3%. As noticed for the reference oil sample previously investigated, other compounds present in appreciable contents were p-cymene, linalool, γ-terpinene and (E)-β-caryophyllene. The chemical composition of Moroccan T. capitata essential oils showed strong homogeneity. No significant difference between samples was observed, whatever the locality, altitude, and soil composition.
Carvacrol-rich T. capitata EO may be of interest for industrial purposes. Therefore, the high content of carvacrol introduces the Moroccan oils among the best ones. Among the papers that describe the composition of a sufficient number of samples, higher or similar contents have only been reported for oils from a few locations: the Greek island of Ikaria (82.9-90.9%) [11] , Yugoslavia (76-83%) [9] and the Italian island of Sicily (69.4-83.2%) [13] .
However, in order to be attractive for industrial purposes, not only the content of carvacrol, but also the yield of EO should be as high as possible. In contrast to the homogeneity of the chemical composition, the yield varied drastically from sample to sample (0.5-3.7%) ( Table 1) : five populations gave low yields of EO of less than 1%; three populations gave medium yields (1.6-1.9%), six high yields (2.3-2.9%), and finally, one population gave a very high yield (3.7%). No direct relationship with geographical and pedoclimatic factors may be evidenced. For instance, the 7 stations where the highest yields of EO have been observed are located at various altitudes: three stations at low altitude (77-126 m) and the remaining four stations at medium altitude (432-688 m). In parallel, the soil of 13 stations (out of 14) exhibited slightly basic pH (7.6-7.9). The thyme that produced the higher amount of EO grows in the unique station with neutral soil (ADZ, pH = 6.9). Nevertheless, no correlation between yield of EO and pH of the soil may be established. The mineral composition of the soils has also been examined. Obviously, the content of P 2 O 5 has no influence on the yield of EO. Indeed, the soils of two of the four stations that gave the higher yield of EO, exhibited a high content of P 2 O 5 while the two others were very poor in P 2 O 5 . In contrast, the soil of station ADZ, from which the highest yield of EO was obtained, contains much more K 2 O (1071 ppm) than the soil of all the other stations (39-481 ppm).
Numerous and very important biological activities of carvacrol (antimicrobial, antitumor, antigenotoxic, analgesic, antispasmodic, anti-inflammatory, antiplatelet, insecticidal, etc) have been shown and recently reviewed by Baser [22] . So, T. capitata EO shows a and Tetouan Sadina (TST) (Fig. 1 ). Geographical coordinates (altitude, latitude, and longitude) are described in Table 1 , as well as the parameters for granular and chemical analysis of a sample of soil from each site. In 5 out of the 15 stations, 8-10 individual plants were harvested and separately submitted to hydrodistillation, giving a total of 47 oil samples: Tanger Med (TM1-TM10), Tetouan (TT1-TT9), Amtil (AT1-AT10), Bni Idder (BI1-BI8) and Al Hamra (AH1-AH10) (Fig 1) . The essential oils were isolated from the fresh aerial parts using a Clevenger-type apparatus (2 h) and were stored at 4°C until analysis.
GC (FID) and GC-MS analysis:
GC(FID) analyses were performed on a Perkin-Elmer Clarus 500 (FID) equipped with two fused silica capillary columns (50 m x 0.22 mm x 0.25 μm film thickness), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature program was: 60-220°C at a rate of 2°C/min and then held isothermal at 220°C for 20 min. Helium was the carrier gas at a 1.0 mL.min -1 flow rate. The injector and detector temperature was 250°C. Samples were injected with a 1:60 split ratio. The relative amounts of individual components were expressed as percentages, obtained by peak area normalization, without response factor correction. GC-MS of sample ADZ was performed on a Perkin-Elmer TurboMass detector, directly coupled to a Perkin-Elmer Autosystem XL, equipped with a fused-silica capillary column (60 m x 0.22 mm x 0.25 µm film thickness) of Rtx-1 (polydimethylsiloxane). Helium was the carrier gas at a flow of 1.0 mL.min -1 ; 1:80 split ratio; 0.2 µL injection volume. The oven temperature was programmed rising from 60° to 230° at 2°C/min and then held isothermal for 45 min. MS were taken at 70 eV and fragments from 35-350 Da.
C NMR analysis:
Analysis was performed on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.623 MHz for 13 C, equipped with a 5 mm probe, in CDCl 3 , with all shifts referred to internal Me 4 Si. 13 C NMR spectra were recorded with the following parameters: pulse width (PW), 4 µs (flip angle 45°); 
Identification of components:
Identification of the components was based: (i) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of C 7 -C 26 n-alkane series with linear interpolation, with those of authentic compounds; (ii) on computer search using digital libraries of mass spectral data [23a,b] and comparison with published data [24a,b] and (b) by comparison of the signals in the 13 C NMR spectra of essential oils and all the fractions of chromatography with those of reference spectra compiled in the laboratory spectral library, with the help of a laboratory-made software [25a,b] . Individual components were identified by 13 C NMR at contents as low as 0.4%.
